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Abstract The practice of statistics is the focus of the world in which professional statisticians live. To 
understand meaningfully what this practice is about, students need to engage in it themselves. Acknowledging 
the limitations of a genuine classroom setting, this study attempted to expose four classes of year 5 students 
(n=91) to an authentic experience of the practice of statistics. Setting an overall context of people’s habits that 
are considered environmentally friendly, the students sampled their class and set criteria for being 
environmentally friendly based on questions from the Australian Bureau of Statistics CensusAtSchool site. They 
then analysed the data and made decisions, acknowledging their degree of certainty, about three populations 
based on their criteria: their class, year 5 students in their school and year 5 students in Australia. The next step 
was to collect a random sample the size of their class from an Australian Bureau of Statistics ‘population’, 
analyse it and again make a decision about Australian year 5 students. At the end, they suggested what further 
research they might do. The analysis of students’ responses gives insight into primary students’ capacity to 
appreciate and understand decision-making, and to participate in the practice of statistics, a topic that has 
received very little attention in the literature. Based on the total possible score of 23 from student workbook 
entries, 80 % of students achieved at least a score of 11. 
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Introduction 
The practice of statistics is different from theoretical statistics, which is based on mathematical theorems and 
procedures and often requires no context within which to create its results. The practice of statistics for applied 
statisticians is motivated by a context, perhaps provided by a natural scientist or social scientist. A question or 
questions must be posed and data collected before they are summarised and analysed. Conclusions are then 
drawn, acknowledging the limitations of the investigation, associated uncertainty of the conclusion, and perhaps, 
suggestions for further studies. The importance of even young students experiencing the practice of statistics 
was recognised as early as 1989 by the National Council of Teachers of Mathematics (NCTM) in its Curriculum 
and Evaluation Standards for School Mathematics. For years K-4, the Standards recommend that students 
‘collect, organise and describe data; construct, read and interpret displays of data; formulate and solve problems 
that involve collecting and analysing data’ (p. 54). 
 
A decade later, frameworks were being suggested for carrying out the practice of statistics at the school level. 
Providing professional development for teachers, Friel and Bright (1998) produced a concept map for the 
process of statistical investigation based on four major steps: pose the question, collect the data, analyse the data 
and interpret the results (p. 95). By analysing the work of their colleagues, Wild and Pfannkuch (1999) created a 
four-dimensional framework that encompassed the empirical practice of statistics. The most widely referenced 
dimension is the investigative cycle. Referred to as ‘PPDAC’, the dimension suggests the process is summarised 
as problem, plan, data, analysis and conclusions. The other three dimensions complement PPDAC and cover 
types of thinking, the interrogative cycle and dispositions.  
 
In the next decade, Watson (2006, 2009) expanded on the Friel and Bright (1998) model taking into account the 
early suggestions of Holmes (1980). This model, specifically for school students, is shown in Fig. 1 and 
explicitly includes the importance of variation throughout an investigation and of acknowledging uncertainty 
when drawing an informal inference. The Guidelines for Assessment and Instruction in Statistics Education 
(GAISE) report (Franklin et al. 2007) also provided a framework that had four main components as did Friel and 
Bright: formulate questions, collect data, analyse data and interpret results. The GAISE explanation of these 
four steps included the ideas of Friel and Bright’s concept map and Wild and Pfannkuch’s (1999) Plan 
component of PPDAC, as well as a focus on variability throughout. 
 
When translating the practice of statistics to the school classroom, it is not usually possible for students to focus 
explicitly on all four components of the GAISE framework. Given time constraints in the classroom, collecting 
realistic data may not be feasible and hence they are provided to students. This is often done in text books where 
the assumption is likely to be that teachers mainly want to find examples to illustrate a procedure introduced in a 
certain chapter. A move to make statistics more meaningful to students has led to suggestions in recent 
curriculum documents that students collect their own data. The Australian Curriculum: Mathematics (Australian 
Curriculum, Assessment and Reporting Authority [ACARA] 2015), for example, suggests that students in year 
2 gather categorical data on the variety of birdlife in the playground (p. 25). Such involvement means students 
have ownership of the data and motivation for analysing them and drawing conclusions. Bush, Karp, Albanese 
and Dillon (2014) provide an example of such involvement with students collecting and analysing data on the 
oldest person whom they, their parents or their grandparents know. 
 
 
 
Fig. 1 Model for statistical investigation (adapted from Watson (2009)) 
 
Previous research 
 
Although it might also be considered desirable to give students complete freedom to decide upon a context, then 
pose a question, collect their own data for an investigation and make a decision, there is little evidence of such a 
study in the literature. In science education, Chin and Kayalvizhi (2002) studied students’ ability to pose 
questions in any context after being given some examples; however, the students were not then expected to 
carry through and collect the data. Allmond and Makar (2010) similarly introduced a unit on problem posing 
that was very open-ended but prompts were provided for students as starting points. 
 
In a case study of two groups of three year 7 students, Lavigne and Lajoie (2007) considered the students’ 
implementation of an investigation based on a survey where they posed the questions, collected the data, 
analysed the data, interpreted the data and drew their conclusions. At each stage planning prompts were 
provided to the students but they made their own decisions. Lavigne and Lajoie’s extensive analysis of the 
students’ problem posing, data collecting and data analysis catalogued 10 modes of reasoning across the three 
stages of the investigation: population relevant, variety based, category level, law-of-large-numbers oriented, 
characteristics, frequency based, standardisation, organisation based, interpretation based and alignment to 
question (p. 647). The description, exemplification and discussion of these modes illustrate how complex the 
researchers’ analysis is when students create the meta-data associated with their own complete statistical 
investigation.  
 
Moving to a classroom teaching situation, Meletiou-Mavrotheris and Paparistodemou (2015) described a lesson 
setting where year 6 students as a group decided ‘to investigate the status of community service in their school’ 
(p. 399). They then decided on questions for a survey and answered it themselves as a class before deciding on a 
sampling plan for their school. Although not reported by the authors, it is assumed that the class completed the 
practice of statistics by making a decision (or decisions) based on their survey questions. 
 
Much of the research of students’ involvement in the practice of statistics begins with a data set in a context with 
the question to be answered given. The students’ task is then to analyse the data, perhaps by producing a graph 
and calculating a statistic to reach a conclusion about the statistical question asked (e.g., Bohan 2006; Friel, 
O’Connor and Mamer 2006). Although valuable in studying students’ understanding of analysing data and 
writing conclusions, these studies do not engage students in the complete practice of statistics. Many studies 
take one step back in the investigation process and have students collect the data for a set question (e.g., Bush et 
al. 2014; English and Watson 2015a). These studies consider issues of data collection with which students have 
to deal. This may entail the development of survey questions by the students themselves to address the question, 
which adds another feature to the practice of statistics (e.g., Arnold 2008). 
 
Asking the students themselves to pose the question they wish to have answered to collect data adds yet another 
level of complexity. English’s (2014) research on data modelling with young learners (6–8 year olds) 
demonstrated how they could pose questions about a context of interest (their classmates’ thoughts on the new 
school playground), create survey questions, provide answer options, predict how their peers might respond and 
then collect and analyse their data. Student groups subsequently displayed their findings using their choice of 
representation and structured and represented their results in more than one way. Students were not given any 
specific direction on how they might do so. English and Watson (2015c) also addressed question posing by 
setting a general contextual issue, that of improving the school playground. The students (9–10 year olds) 
working in groups, then chose a particular part of the playground or aspect of using it, devised a survey question 
to answer a specific research question on that part of the playground and administered the question to the class. 
They then analysed their data and made a recommendation.  
 
Sample and population 
 
Fundamental to the practice of statistics are the notions of sample and population. In a genuine statistical 
investigation, the question posed is related to a population, from which data collection takes place to create a 
sample. Sometimes, for students in the early years, their class is both the population and the sample and this 
distinction is not made. For the current study, it was felt important to make the sample-population distinction, as 
it is essential to the actual practice of statistics. Student difficulties in developing a basic understanding of 
samples and sampling have been documented (e.g., Jacobs 1999; Rubin, Bruce and Tenney 1990; Watson and 
Moritz 2000) but often the explicit sample-population relationship has not been emphasised. An exception to 
this occurred in the study of Saldanha and Thompson (2002) with year 11 and 12 students. There, the focus was 
on the nature of sampling and how repeated samples represent the properties of the population. 
 
Recently, when introducing a special issue of Educational Studies in Mathematics, Ben-Zvi, Bakker and Makar 
(2015) presented a summary of the research on samples and sampling, often as a part of larger studies in the area 
of statistical reasoning. The study of Meletiou-Mavrotheris and Paparistodemou (2015), however, was 
specifically designed to observe students’ acquisition of the importance and meaning of samples and sampling 
through classroom interaction. Performance and understanding of individual students, however, was not 
considered. 
 
Background for current study: introducing primary school students to the practice of 
statistics 
 
As noted by Konold and Higgins (2003), scientists and statisticians rarely progress through the stages of an 
investigation in the orderly fashion, suggested in the frameworks introduced here. Experienced researchers look 
forward as they are collecting or producing a representation to see if it will actually answer the question they 
posed. They may also look backward as they analyse the data and decide to collect more or different data or 
revise the question. This backtracking is common in genuine research and there may be situations in the 
classroom where students gain a taste of the experience. There is little research in this area with primary school 
children, as well as in relation to the other stages of the practice of statistics, particularly in following outcomes 
for individual students. 
 
The current study sought to address some of the issues and dilemmas of following the development of students’ 
understanding of the practice of statistics while they were engaging in a statistical investigation. The purpose 
was to expose students to a complete investigation that would reinforce previous activities they had completed 
focusing on the underlying concept of variation (English and Watson 2015a) and its relationship to sample size 
and expectation (English and Watson 2015d). Also, underpinning the investigation was the work on informal 
inference by Makar and Rubin (2009). For these researchers, before formal statistics are introduced, the aim of 
statistical investigations in school is for students to use data as evidence to make generalisations beyond those 
data, while acknowledging uncertainty in the conclusions reached. Considering the various frameworks for 
carrying out a statistical investigation, it was decided that for year 5 students, the most appropriate was the 4-
step process of Friel and Bright (1998) and Franklin et al. (2007). The students were hence introduced to four 
steps for making decisions with data: 
 
1. Pose question 
2. Collect data 
3. Analyse data 
4. Make a decision. 
 
These four steps were amplified through class discussion, with particular emphasis on acknowledging 
uncertainty when the conclusion (decision) is reached. In this study, a general question in a context was posed 
— Are we environmentally friendly? — and refined using survey questions. Because of the desire to have 
students collect data both from their class and from a very large data set of students in year 5 around Australia, it 
was not possible for the students to devise the survey questions themselves. The questions were chosen from the 
Australian Bureau of Statistics (ABS) CensusAtSchool web site and shown in Fig. 2. Student contribution to 
posing the question was deciding criteria for making a decision based on the questions. For example, a student 
might decide that at least 50 % of respondents saying yes to all questions is sufficient to claim that that group is 
environmentally friendly. 
 
 
Am I environmentally friendly? 
 
Yes 
Total 
 
Yes 
% 
Our household has a water tank.   
I take shorter showers. (4 mins max)   
I turn the tap off while brushing my teeth.   
I turn off appliances (e.g., TV, computer, gaming 
consoles) at the power point. 
  
My household recycles rubbish.   
 
Fig. 2 Questions from the ABS CensusAtSchool questionnaire 
(http://www.abs.gov.au/websitedbs/CaSHome.nsf/home/downloadable+files.es/$FILE/2013+questionnaire.pdf (Question 29)) 
 
As implied in Fig. 1, a statistical question is usually set for a population and then samples are collected. Because 
this activity was the first these students had experienced of a complete statistical investigation, it was decided to 
begin with answering the question for the class as the population, and then move to the population of all of year 
5 students in the school, followed by the population of all year 5 students in Australia. The idea of the 
relationship of sample and population was discussed and reinforced each time. Although the study did not go as 
far as allowing students pose the initial contextual question, they had considerable freedom as to how they used 
data to reach a decision.  
 
Five research questions were addressed to document individual students’ capacities to engage in the practice of 
statistics within the context of deciding if different populations are environmentally friendly. As a starting point, 
the first question simply considered: 
 
(i) Are students able to distinguish between a sample and a population? 
 
Within the context of the ABS CensusAtSchool survey questions: 
 
(ii) What levels of reasoning do students demonstrate in posing criteria for answering the question of being 
environmentally friendly? 
 
For each of the three populations (class, school, Australia), with students using their criteria: 
 
(iii) What levels of reasoning do students display in their analyses and decisions for the population based on 
their class sample? 
 
Based on a random sample from the ABS CensusAtSchool ‘population’, the fourth question addressed: 
 
(iv) What levels of reasoning do students show in predicting the answer for the random sample before taking the 
sample and then after taking the sample, in making a decision for the sample and for the underlying population? 
 
Finally, 
 
(v) What is the sophistication of students’ suggestions for further research to decide if the populations are 
environmentally friendly? 
 
  
Methodology 
 
Overall design 
 
The activity described in this paper was the fourth of seven major investigations and two shorter interactive 
lessons, which formed the basis of a 3-year longitudinal project (2012–2014) beginning when the students were 
in year 4. The activity addressed in this article was conducted during the second year of the project when 
students were in year 5. With the focus on developing students’ understanding of beginning inference as part of 
statistical literacy, the overall study took the form of design-based research involving the three phases: (a) 
preparation and design of instructional materials, (b) teaching experiments and (c) retrospective analyses (Cobb, 
Confrey, diSessa, Lehrer and Schauble 2003; Cobb, Jackson and Munoz 2016). These phases were conducted 
for each major activity in each year of the study, with subsequent years being informed by the outcomes of the 
previous years. The teachers had input and took primary responsibility for implementing the instructional 
programme within their own classrooms. 
 
Activities of the first year (year 4) 
 
The outcomes of the first activity provided benchmarks for the project with students near the beginning of year 
4. As previously described students were given the task of posing survey questions for their classmates to 
answer in relation to potential improvements for their school playground (English and Watson 2015c). Due to 
the underlying importance of variation to all statistical investigations, the second activity involved variation in 
measuring arm span, first of a single student repeatedly and then once for each member of the whole class 
(English and Watson 2015a). Building on a growing appreciation of variation, the third activity progressed to 
consider probability, developing models for tossing one or two coins. The activity employed simulation to create 
relative frequencies of outcomes approaching the proposed theoretical probability as the sample size increased 
and variation decreased (English and Watson 2015d). The retrospective analyses of these activities suggested 
that the time was appropriate and the students were ready to experience the complete practice of statistics. 
 
Software tool 
 
Early in year 4, students were introduced to the software TinkerPlots: Dynamic Data Exploration (Konold and 
Miller 2011), which served as a major affordance in the second and third activities. The Plot object assisted the 
students in observing the difference in the variation between arm span data collected from a single student and a 
class. The Sampler object simulated increasing numbers of coin tosses, allowing students to observe the 
decreasing variation effectively and efficiently as the number of tosses (sample size) increased. For the present 
activity, the Sampler was used in another capacity to collect random samples from a fixed large population. 
 
Context 
 
The context chosen for the investigation was sustainability of the environment, which is one of three cross-
curriculum priorities in the Australian Curriculum: Mathematics (ACARA 2015). Among other contributions to 
this priority, the mathematics curriculum offers the opportunity for students to ‘observe, record and analyse data 
collected from primary sources over time and analyse data related to issues of sustainability from secondary 
sources’ (p. 15). Because the ABS, as part of its CensusAtSchool programme, collected data from students 
across Australia on five questions about behaviour on environmental issues (cf. Fig. 2), it was possible to have 
the students answer the same questions. They could then consider their own class data, as well as later data from 
a random sample from CensusAtSchool. 
 
Participants 
 
The participants for this activity were 95 year 5 students in four classes in one government-run school in a large 
Australian city. The mean age of the students was 9 years and 8 months, and 48 % were officially classified as 
having English as a second language (ESL). Although all students were observed to take part in the class 
discussions during the activity, four of the ESL students were not yet able to write in the English language. 
Their responses were hence eliminated from the analysis. Four other students with learning difficulties but able 
to write in English remained in the study. Only students whose parents gave written permission were included in 
this study. 
 
Procedure for focus on environmental question 
 
As the purpose of part of the overall study was to document students’ achievements in engaging with and 
succeeding in the practice of statistics, students completed questions in their workbooks throughout the activity, 
which occupied approximately 4.5 h of one school day. Students worked in pairs when using TinkerPlots on a 
shared laptop but were expected to write their own answers in their workbooks. A professional learning session 
going through the activity was held with the four teachers before the activity where they were provided with 
extensive notes linked to the student workbooks. The teachers taught the activity with the two authors and a 
research assistant observing and occasionally interacting with students or assisting with the software. Video 
and/or audio recordings were made of two focus groups and the teacher in each class. 
 
The activity commenced with a preliminary discussion demonstrating the four steps of decision-making with 
data based on a hypothetical question about students having the use of a book voucher either to buy a book or to 
swap it for a movie ticket (English and Watson 2015b). The teacher first asked the students’ opinions on which 
option, book or movie ticket, would be more popular in their class. The next step was to consider their decisions 
for year 5 students in the school and then in Australia. The students discussed and recognised the variation 
possible in the larger populations and the increasing uncertainty of their conclusions for them. 
 
The context of the activity was then introduced with a fictitious newspaper story claiming that a survey of a 
class of year 5 students in another state found they took long baths, did not separate rubbish, and left lights and 
electric appliances on. The article claimed that Australian school children were not as environmentally friendly 
as thought. After discussion of the article, with students commenting that the class referred to in the story might 
be a biased sample, it was decided to sample their class. The questions shown in Fig. 2 were introduced and 
their origin from the ABS CensusAtSchool web site was explained. As seen in Fig. 2 the questions provided 
categorical data, most easily represented as percentages of Yes responses. The teachers in each class collected 
the data, with students raising their hands in response to each question. Everyone counted the hands and the 
teachers recorded the numbers in the Yes column. Often, the students helped calculate the percentages in the 
next column.  
 
Because the students could not create the questions, they were asked to decide individually on the criteria for the 
questions that would allow them to answer “yes” that Australian year 5 students were environmentally friendly. 
This was their contribution to posing questions that could be answered. They then used their criteria to make a 
decision for their class. With different criteria, not all of the students came up with the same conclusion from the 
class data. They then were asked for a decision and how confident they would be about it for all year 5 students 
in their school and for all year 5 students in Australia. Students were finally introduced to an ABS 
CensusAtSchool population of 1300 year 5 students and given instructions on how to use the Sampler in 
TinkerPlots to collect random samples of the same size as their class from the ABS population. They predicted 
the outcome for the random sample before collecting the data from the Sampler. After collecting the sample, 
again, they were asked to make a decision, first for the actual sample and then for all of Australia’s year 5 
students. The sequence of the activity is shown in Fig. 3. They then expressed their confidence in the decision 
for all year 5 students in Australia based on the random sample. Again, different random samples from the ABS 
population were obtained around the class. With different samples and different criteria, it was understood that 
there was no ‘right’ answer to the question. Near the end of the activity, they were asked what other research 
they might do to be more confident about their decisions. The students wrote their responses in student 
workbooks and these were used for the analyses reported here. 
 
Analysis 
 
To analyse the practice of statistics for this activity, the major foci were the setting of the criteria in order to 
decide the answer to the main question and the justification for decisions made in five different situations 
involving different samples and/or populations. It was important, therefore, for students to be able to distinguish 
between samples and populations (research question (i)). Student success on this question was recorded in terms 
of the percentage correct each time they were asked for identification of the two. Although students participated 
in the data collection for their class and collected a random sample using TinkerPlots, these processes were not 
assessable for the purpose of the research. The outcomes of class data collection recorded by the teacher on the 
whiteboard were the tallies and percentage values for students’ yes responses to the five questions in Fig. 2. 
Hence, the analysis was based on the comparison of these values with the criteria set by the students themselves 
(research question (ii)) in order to make a decision about whether the various populations were environmentally 
friendly (research questions (iii) and (iv)). The interest of the researchers was in how successful and objective 
students would be in making this transition from sample to population and the degree of certainty they had in 
their decisions. Finally, students were asked for suggestions for further research (research question (v)). 
 
 
 
Fig. 3 Stages in decision-making about year 5 students being environmentally friendly 
 
The detailed questions from the student workbook that were used in the analysis are presented in Appendix A, 
labelled W1 to W10. Research question (ii) was based on W1; research question (iii) on W2 to W5; research 
question (iv) on W6 to W9; and research question (v) on W10. This is shown in the pathway through the activity 
in Table 1. In Appendix B, the questions are presented again in abbreviated form along with the associated 
rubrics. Hierarchical rubrics were developed to assess the responses for each question. The rubrics were 
informed by the SOLO model (Biggs and Collis 1982) based on incorporating more specific inclusion of 
statistical elements in responses rather than vague generalities or personal opinions. Percentages for each level 
of response and examples of student responses are presented in the ‘Results’. Seven of the rubrics suggested 
three levels of response, whereas the other three suggested four. For all questions, the code 0 responses were 
either blank or one of the following: uninterpretable, not relevant, lacking any explanation of a number or 
opinion or inconsistent with a response to a previous item. For the questions with three levels of response, 
generally, the difference between the highest two levels of response (codes 1 or 2) was associated with 
providing explicit statistical reasoning including multiple criteria or reasons or exact matching of reasons with 
criteria (code 2), rather than vague reasoning (code 1). For questions having four levels of response, code 1 
responses were based only on personal opinion (e.g., W1), did not use the data in making a decision for the class 
(e.g., W2), or did not acknowledge the sample-population relationship (e.g., W8). Code levels 2 and 3 behaved 
as for the highest two levels of questions with three levels. Examples of all code levels are given for all 
questions in the ‘Results’.  
 
  
Table 1  Pathway through the investigation following the Practice of Statistics (with Student Workbook questions noted, W1 to W10) 
 
 
Practice of 
Statistics 
 
Pose Question  
 
 
Collect Data 
 
 
Analyse Data 
 
Make 
Decision 
 
 
Certainty/uncertainty 
 Context question: “Are we environmentally friendly?” 
 
 
Res Q (i) 
  
Definitions of “sample” and “population” 
 
 
 
Res Q (ii) 
 
 
Criteria Set for “Yes” decision [W1] 
  
 
Res Q (iii) 
 
… for our Y5 
class 
 
Our class survey 
 
Percentage Yes 
responses 
compared to 
criteria [W2] 
 
 
Yes/No [W2] 
 
Reason expressed for 
level of certainty 
expressed [W3] 
  
… for Y5 in 
our school 
 
 
Use our class 
survey 
 
Same criteria 
 
Yes/No [W4] 
 
Reason expressed for 
level of certainty 
expressed [W4] 
 
  
… for Y5 
Australia 
 
 
Use our class 
survey 
 
Same criteria 
 
Yes/No [W5] 
 
Reason expressed for 
level of certainty 
expressed [W5] 
 
 
Res Q (iv) 
 
Predict for Random Sample [W6] 
 
   
  
… for Y5 
Random 
Sample 
 
ABS Random 
Sample  
 
Percentage Yes 
responses 
compared to 
criteria [W7] 
 
 
Yes/No [W7] 
 
  
… for Y5 
Australia 
 
Use Random 
Sample 
 
Same criteria 
 
Yes/No [W8] 
 
Reason expressed for 
level of certainty 
expressed [W9] 
 
 
Res Q (v) 
 
Further research [W10] 
 
   
 
 
The responses in the workbooks were entered into a spreadsheet and coded independently by two experienced 
researchers. The agreement on the codes was 93.4 % and the changes made in many cases reflected a 
reconsideration of a linked series of responses throughout an individual workbook. 
 
Results 
 
Research question (i): sample and population 
The distinction between sample and population for the class and the year 5 students in the school, as well as for 
the class and all year 5 students in Australia, was judged by teachers to be understood by all students during 
class discussion. This understanding can be seen in the class discussion following the introduction to the 
stimulus article.  
 
Teacher: Alright, what do you think of the Down to Earth Watchers’ claims that children are not 
environmentally friendly after all? What do you think? Stephen? 
Stephen: I think that’s um not exactly true cause he only, he only surveyed, only some people like a class. 
Teacher: A class, right. 
Stephen: Some people from the class might have been away or and only one class doesn’t actually mean 
the whole world. 
 
In adding to this discussion, Megan commented, ‘He only surveyed one class in Tasmania and he didn’t survey 
like the whole people like classes in Australia and so he’s jumping to conclusions by one little class.’ Building 
on these responses, Jimmy noted, ‘Um adding onto what Stephen said, um Mr. Plant doesn’t have enough 
evidence that what he said is true.’ 
 
From the responses recorded in the student workbooks, 86% of students could name their class as the sample 
and 90 % could name all year 5 students in the school as the population (a few students did not provide a 
response). In considering all Australian students in year 5, 95 % of students correctly labelled their class as the 
sample and all year 5 students in Australia as the population. 
 
Research question (ii): criteria for making decisions 
Because the five survey questions came from the ABS CensusAtSchool site, students were asked to set the 
criteria that they would use to decide the answer to the question about a particular group of people answering the 
five survey items: Are we/they environmentally friendly? [W1 in Appendices]. Responses in the workbooks 
varied in the appreciation of the kind of criteria that were appropriate and their complexity. From responses in 
the classroom discussion and the workbooks, all students apparently understood the task of setting the criteria. 
No responses were coded 0. Eleven percent of students, however, set criteria based on their own opinions rather 
than mathematical criteria based on actual responses to the survey items (code 1). 
 
I think that 55%should turn of[f] the power point at the wall to save electricity. [ID30] 
 
I thing [think] 63 % of my class are friendly. [ID 92] 
 
I think 80 % should take short showers. [ID 96] 
 
At the next level (code 2), 59 % of students gave a single criterion for one or more of the questions. 
 
If the x % is 75 % or over it is environmentally friendly because it is a reasonable standard. Were as, 
[Whereas] if it was 50 % it wouldn’t be a high standard because it isn’t a big figure. [ID 58] 
 
We are going to average the numbers and if it is above 50 % our class will be enviromentaly freindly 
[environmentally friendly]. [ID 39] 
 
If we are more than a quarter for each question then we are environmentally friendly. [ID 40] 
 
At the highest level (code 3), 30 % of responses suggested different criteria for each question, sometimes with 
added explanations. 
 
1.Watertank: 50 %. 2. Showers: 60 %. 3. Brushing: 70 %. 4. Electricity: 90 %. 5. Recycle: 100 %. [ID 
79] 
 
I think that the majoridy [majority] is 60 % for four of them except water tank and 40 % for water tank. 
[ID 59] 
 
You have to be over 50 percent to be environmentally friendly but for the water tank the percentage only 
has to be around 35 % of the class saying “Yes I have a water tank” because not many Australians buy 
water tanks when they can easily get tap water. [ID 88] 
 
Transcripts from group discussions provided further illustrations of why some students chose different criteria 
for each question. For example, Charles’s group reasoned as follows. 
 
Rosie: Oh, okay, I think we could have made the first one (Water Tank) maybe 50 [%]. 
Charles: No like, it’s not fair, like if you own an apartment it’s not like, you can’t control it. 
Rosie: True. 
Charles: You can control shorter showers. 
Rosie: I think for the shower one it should be like 70 %. 
Charles: 75 [%]. 
Rosie: Okay. 
Charles: Cause you can control to have shorter showers. Most people have shorter showers. 
 
Research question (iii): decisions based on class sample and justifications 
 
The following subsections provide evidence of students’ capabilities to take on tasks of analysing the data 
collected from their class and making decisions for three different populations, acknowledging their degrees of 
certainty or uncertainty. 
 
Decision-making for the class [W2]. After setting their criteria, students were then asked to decide if their class 
were environmentally friendly. There was no universal ‘correct’ answer but each depended on a combination of 
the data for the class and the criteria set by the student. Four percent of responses did not understand the 
question or left it blank (code 0). Thirty-three percent of explanations were nebulous, often not related to the 
criterion (or criteria) the student had set (code 1). 
 
We do not think that 5P is environmentally friendly because engrgy [energy] runs the house and you 
need engrgy [energy]. [ID 4] 
 
I don’t think our class is enviro[n]mentally friendly because not much people turn of[f] the powerpoint on 
the wall and not much people have a water tank. People should because it saves water. [ID 30] 
 
Nineteen percent of students changed the criteria given earlier (usually reduced in complexity) in order to make 
a decision about the environmental friendliness of their class (code 2).  
 
I consider my class environmentally friendly because for all the questions, the answers were close to 
sixty or seventy percent. [ID 20] 
 
Based on our criteria our class is environmentally friendly because only one of our persentages 
[percentages] were lower than what we wanted. We could try to improve our results by taking shorter 
showers. [ID 41] 
 
Based on our criteria our class is nearly environmentally friendly because we only got two questions 
below 50 %. [ID 56] 
 
Finally, 44 % of students justified their decision solely based on the criteria they had set (code 3) [see W1 
responses]. 
 
I think that our class is environmentally friendly because four out of five is over 60%. [ID 59] 
 
Yes, I consider our class frendly [friendly] to the enviro[n]ment because the average was abouve [above] 
50%. [ID 39] 
 
No, because our class only has two subjects that’s over 75 % out of 5 subjects, and three of our subjects 
are under 75 %. [ID 58] 
 
I consider our class environmentally friendly because each question has more than a quarter as listed 
above [arrow drawn to previous question]. [ID 40] 
 
Based on my criteria, I consider my class environmentally friendly because 44 % of the class has a 
watertank and the rest of the questions were answered over 50 %. [ID 88] 
 
Students were then asked how certain they were of their conclusions [W3]. Thirty-two percent of students’ 
responses were either not related to their decision or the criteria set up earlier, or expressed total certainty 
without reason (code 0). 
 
Very certain because am pretty sure that our class is enviro[n]mentally friendly. [ID 42] 
 
About half of year 5 school are really friendly. So it’s so short for me to think about it. [ID 84] 
 
I am positively certain that our class is environmentally friendly because we support the environment in 
every way we can. [ID 86] 
 
Some responses (code 1) included a degree of uncertainty that was consistent with the decision made for the 
class based on their criteria, but without an explanation (41 %). 
 
I am 70 % certain of my conclusions. [ID 70] 
 
I’m pretty certain of my conclusion. About 90 %. I’d give us 4.25/5 stars. [ID 43]  
 
I am not too certain (80 %) of my conclusions because a lot of people have different conclusions. [ID 40] 
 
I am very certain in around 80 % certain but I know that some people won’t agree with me. [ID 15] 
 
The highest level responses (27 %) acknowledged degrees of certainty and gave reasons associated with the 
criteria they had used (code 2). 
 
We are fairly certain because our conclusions and results matched our criteria. [ID 21] 
 
I am not completely certain that class 5K students are environment[a]lly friendly because some results 
were olny [only] just making the cut. [ID 19] 
 
75 % certain because it’s really good and a little bad because the water tank is the only one below 50 % 
but the others are larger. [ID 46] 
 
We are very certain of our conclusions because based on the data the results are lower than our criteria. 
Our criteria is correct since we have to improve our habits, and these expected results while make the 
environment healthy. [The criteria used found the class was not environmentally friendly] [ID 79] 
 
Decision-making for the school [W4]. After being asked which of the class and the school were ‘the sample’ and 
‘the population’, students were asked, ‘How confident would you be about using the data from our class to 
predict how environmentally friendly all the Yr 5 students in our school are? Explain.’ At code 0, 15 % of 
students did not respond or responded without a reason (e.g., ‘Around 50 %’; ‘Yes’; ‘I am uncertain’). A further 
15 % gave reasons for a degree of confidence based only on sampling technique (code 1). 
 
I am certainly confident because I know that our sample’s are a high standard also that we got a good 
result, so I am a confident person in doing this. [ID 58] 
 
10 % because our class have 25 out of 110 students. [ID 17] 
 
Yes because we have got the samples to predict who are enviro[n]mentally friendly in year 5. [ID 30]  
 
Many students (69 %) went further to discuss similarity or difference of the students involved (code 2). 
 
Quite confident because we’re all grade 5’s and have learned about the environment so I think most of us 
will be the same. [ID 41] 
 
I wouldn’t be that confident because different students do different things. [ID 9]  
 
I would be 62 percent confident about using our sample to predict how environmentally friendly other 
year 5 classes are because other people do different things from us. [ID 20] 
 
I think that it would probably be similiar [similar] but not exactly the same. Because some children might 
not have a water tank or something else. [ID 59] 
 
Decision-making for Australian Year 5 students [W5] After being asked to distinguish ‘sample’ and ‘population’ 
for their class and Australia, students were asked, ‘Would this sample, that is our class, represent all Yr 5s in 
Australia accurately? Why/why not?’ Twelve percent gave no response or a non-statistical reason (code 0). 
 
No because we are just guessing and not knowing for sure. [ID 14] 
 
No it wouldn’t be accurate because some people might not be taught to be enviornmentally 
[environmentally] friendly and also some people know the right thing to do but are too lazy to do it. [ID 
52] 
 
I think yes, because the sample is part of the population. [ID 70] 
 
Yes because they do the same thing as us. [ID 85] 
 
At the next level (code 1), 46 % of students justified responses by claiming their class was not all of Australia or 
noting general differences among children. 
 
No we are just a sample not all of Aus. [ID 4] 
 
No because everyone is diff[e]rent from everyone. So no it would not work. [ID 8] 
 
No, because not all. [ID 10] 
 
Higher level responses (42 %) said ‘No’ and expressed reasoning based on sample size and/or the sample-
population relationship (code 2). 
 
No, because we’ve only surveyed 27 students and its all from one class. [ID 44]  
 
It won’t necessary [necessarily] be accurate because it is only one class that we surveyed and that was our 
class. [ID 48] 
 
No, because the sample is only our class and the population is Australia so it could be very different. [ID 
59] 
 
Research question (iv): prediction and decision-making for a random sample 
 
When students were asked to ‘make a prediction about whether you think the random sample of Yr 5 students 
will be environmentally friendly or not based on the criteria your group recorded above’ [W6], 21 % gave no 
answer, no reason or an idiosyncratic reason (code 0). 
 
I think the other Australian Yr 5 students will be environmentally friendly. [ID 32] 
 
My prediction is that all year 5 students won’t be environmentally freindly [friendly] because everyone is 
difrent [different]. [ID 4]  
 
Yes more than we are. [ID 17]  
 
I think they won’t be environmentally friendly because not everyone will be friendly to the environment. 
[ID 65] 
 
Thirty-seven percent of students gave a general reason not related to their criteria (code 1). 
 
I predic[t] that Australian students will be environmentally friendly because different students live in 
different places e.g. if you live in the desert you would save water. [ID 66] 
 
I predict that Australia year 5 kids will be enviro[n]mentally friendly because it will be pushed by 
teachers and parents. [ID 78] 
 
Absolutely probably because it’s a random sample. [ID 2]  
 
I think the random sample of year 5 students will be envirourmentaly [environmentally] friendly for most 
people are car[e]ful of the envioument [environment]. [ID 71] 
 
Forty-two percent of students referred to their criteria as requested (code 2). 
 
Yes, because were doing a random sample, that is more accurate. So we’ll have more than 55 %. [ID 7] 
 
Yes because most of the questions we got more than 50 %. [ID 9] 
 
I predict that the random sample of year 5 students will not be environment[al]ly friendly because our 
class only just passed the 50 % mark. [ID 21] 
 
I predict that Australian students will be enviromently [environmentally] because most people will at 
least have a percentage above 50 %. [ID 49] 
 
After collecting the random sample the size of their class, students were asked whether they believed that the 
students in the sample they had collected were environmentally friendly [W7]. Ten percent of students did not 
respond or gave idiosyncratic answers (code 0). 
 
67.4% of the 26 students were environmentally friendly. [ID 89] 
 
Water tank which is 16 % out of 60 %. Short shower is 56 % out of 60 %. Taptooth brushing is 88 % out 
of 60 %. Power off 48 % out of 60 %. Recycle rubbish which is 60 % out of 60 %. [ID 54] 
 
Its random because it has chose random different students different places. [ID 95] 
 
A further 27 % of students presented yes or no responses with general reasoning not related to the criteria set by 
the group (code 1). 
 
Yes, because in every plot there are more percentages in the yes group than the no group. [ID 56] 
 
In most of the questions, persentage [percentage] said yes ex[c]ept for the first one so in my opinion they 
are. [ID 50] 
 
Yes because most answered yes to all the questions. [ID 47] 
 
Evryone [everyone] is highter [higher] than 50 % ex[c]ept for water tank that is 27%. [ID 33] 
 
They are not enviro[n]mental[l]y friendly as 81 % percent turned off tap while brushing teeth instead of 
99%. [ID 28] 
 
Overall, however, 63 % of students used their criteria to make decisions about the random sample (code 2). 
 
These students are environmentally friendly. We know this because we worked it all out by adding all the 
yes % together then dividing it by five. The answer was 61.6 our critira [criteria] 55 %. [ID 25] 
 
No, it is not friendly because it’s different to my criteria. [ID 31]  
 
This group is enviro[n]mental[l]y friendly because 41 % have water tanks and all the rest is above 50 %. 
[ID 51] 
 
These samples are environmentally friendly as they have the average that we considered very 
environmentally friendly. It was 74.6 %. [ID 57] 
 
They are not environmentally friendly since they didn’t satisfy our criteria. They [had] 3 of the 5 
benchmark, but need 5 of the 5 to be environmentally friendly (our criteria). [ID 61] 
 
The children are not environmentally friendly for only 4/5 activities had more than 60 %. [ID 76] 
 
The next step was to ask the students to extend their decision-making past the specific random sample they had 
collected to all year 5 students in Australia [W8]. Consistency with their previous responses was considered as 
well as issues related to sampling more generally. Sixteen percent of students provided no response or an 
inconsistent one (code 0). 
 
The water tank one was wrong. The shorter showers was right. The brushing teeth one was wrong. The 
appliance one was right. The recycle one was right. [ID 65] 
 
That is not all of Australia. [ID 30] 
 
I don’t think so because we are all diff[e]rent. [ID 8] 
 
A further 16 % of students gave basic reasons for not making a decision for all Australia, for example 
concluding that it was just a sample or everyone is different (code 1). 
 
No this is not a good representation because this is a sammple [sample]. [ID 17] 
 
It will conclude that this is not what other people do because were different. [ID 35] 
 
We cannot conclude anything because this is only one class. [ID 39] 
 
At the next level (code 2), 56 % of students gave an implicit reference to the sample population relationship or 
appropriate consistency with their previous responses, which had specified meeting the criteria set by the 
student. 
 
We can conclude that all Yr 5s in Australia are not environmentally friendly. [ID 76] 
 
Meybe [Maybe] all of year 5 in Australia are the same. [ID 84] 
 
That out of the ones chosen there were more yesses, so maybe in all Yr 5’s there will be more yesses? [ID 
43] 
 
Finally, at the highest level (code 3), only 11 % of students noted the importance of sample size or explicit 
reference to their generalisation in the previous question. 
 
Nothing because that was only a small random sample of 26 students out of Yr 5 students in Australia. 
[ID 21] 
 
We can’t infer a lot because it is a small sample. I conclude that year 5 students in Australia will be 
environmentally friendly. [ID 55] 
 
I conclude that all year 5’s in Australia would have a similar percentage rate because grade 5’s have lots 
of responsibility. [ID 57] 
 
Again, students were asked how certain they were of their decisions [W9]. Thirty-three percent of responses did 
not address their evidence or a sample-population issue, often offering a personal opinion (code 0). 
 
75 % because many people possibly cares about the environment. [ID 5] 
 
I am very sure. [ID 33] 
 
I am very certain because I added it up and used a smart way to add up. [ID 25] 
 
75 % because they might not change but they mostly change. [ID 29] 
 
I am certain because there must be some friendly and some that are not friendly. [ID 74] 
 
Code 1 responses, 37 %, looked back across their previous answers for consistency in justifying their certainty. 
 
I’m not certain but I’m looking at the plot and bieng [being] 65% certian [certain]. [ID 6] 
 
I am certain because in the plot there’s 50 % more environmentally friendly students. [ID 9] 
 
Pretty certain because they all come from different places in Australia. [ID 52] 
 
Yes, because most of them were under 60 % which means that the random sample said Year 5s are not 
eco friendly. [ID 69] 
 
Considering the sample-population relationship was required for code 2 responses (30 %). 
 
Kind of certain because its olny [only] 27 students so if we did more than 27 I would be very certain. [ID 
19] 
 
Not very certain because it a small group. [ID 42] 
 
Yes. 70%, because using a random sample is much more accurate than our class. [ID 54] 
 
Quite certain because of the points I mentioned in the earlier question. […that was only a small random 
sample of 26 students out of ALL Yr 5 students in Australia] However, the results of all year 5s in 
Australia could be very similar. [ID 89] 
 
Research question (v): further research 
 
When asked near the end of the activity what further research they might do to be more certain about whether 
year 5 students in Australia were environmentally friendly [W10], 19 % did not respond or said they did not 
know or did not think they needed more research (code 0). 
 
I think we did a good job and not needing to go back to see if they were correct. [ID 48] 
 
I’m happy with what I’ve done. [ID 53] 
 
Twenty-nine percent of students made suggestions that were not statistical in nature (code 1). 
 
I would look on the internet. [ID 93] 
 
We could ask 10 people. [ID 67] 
 
I will ask everyone in Australia and see the real answer and if I was actually close in that. [ID 43] 
 
Spy on people to se[e] if they are eviremently frendly [environmentally friendly]. [ID 33] 
 
Over half of the students (53 %) made suggestions that were valid statistically, for example, related to questions, 
sampling and sample size (code 2). 
 
Try to collect more information, data and details. [ID 15] 
 
You could go to different school in Queensland or do more random samples. [ID 21] 
 
I would ask more students and add 2 more attributes. [ID 32] 
 
I would do bigger random samples. [ID 55] 
 
I would make an advertisement and a website so people can vote online. [ID 58] 
 
I would add more attributes and have more information about them. Run the test more times, maybe with 
different year levels. I would start with a larger sample. I would survey more kids in total. [ID 61] 
 
I might research other grades so I know older and younger people’s opinions. [ID 74] 
 
Do another random sample with many more students because the closer you are to the amount of students 
in the population, the more accurate you will be. [ID 82] 
 
Summary of student workbook responses 
 
Although the students had previously experienced activities considering aspects of statistical variation and 
chance, they had not participated in an activity where the objective was the complete practice of statistics. The 
data analysis aspect was not complex, such as creating and analysing graphs of measurement variables, which 
enabled the main focus to be on the sample-population distinction and how this affected the certainty with which 
a decision was made. As explained, when the rubrics for the workbook questions were described, a majority of 
students were engaged and appreciated the task. This is seen at the top of Fig. 4, which shows the percentages of 
responses for each question that were addressing the tasks in a meaningful, if not highly sophisticated, manner 
(the top two codes). Less than half of the students, however, presented the more complex responses associated 
with more sophisticated statistical reasoning, as seen at the bottom of Fig. 4. 
 
 
Fig. 4 Percentage of engaged responses (top) and subset of highest level responses (bottom) 
 
Summing students’ codes on the workbook questions, the distribution for the 91 students whose workbooks 
were read is shown in Fig. 5. Eighty percent of students scored more than 50%. The four students who were 
noted to have learning difficulties scored 9 or less, but a few of their responses displayed understanding of the 
specific questions asked. 
 
 
 
Fig. 5 Total scores on workbook questions (n=91) 
 
Discussion 
 
This study followed those of English (2014) and English and Watson (2015c) in allowing students considerable 
freedom in working their way through a statistical investigation, learning about the practice of statistics. The 
experience was extended by collecting sample data from the entire class, letting students decide their own 
criteria for decision-making, and by documenting their reasoning for their predictions and decisions for 91 
students through their written responses in their workbooks. This step represents another benchmark in 
exploring students’ capacities to engage in the practice of statistics at the primary school level. Within the 
overall objective to introduce students to the practice of statistics, it was felt important to establish (for some) 
and reinforce (for all) the distinction between sample and population. Hence, throughout the activity, students 
were asked to make decisions for different samples and populations. The two samples were their class and a 
random ABS sample. Subsequently, their class sample was used for decisions about year 5 students in their 
school and year 5 students in Australia, and the ABS random sample was used for a decision about year 5 
students in Australia.  
 
If the total scores shown in Fig. 5 are considered an assessment of the students’ capacity to engage in the 
practice of statistics, then the fact that 80 % of students scored higher than 50 % (total of 23 marks) is 
encouraging for a first exposure to the practice. Besides the four ESL students who were excluded from the 
analysis, there were responses of others with somewhat limited English expression, which may have 
contributed to lower workbook scores. Both the teachers and the researchers were satisfied with the outcome in 
terms of student reaction to completing the activity. 
 
Other research 
 
In comparison with the study of Lavigne and Lajoie (2007), which considered six students working in two 
groups and identified 10 modes of reasoning while they were carrying out a complete investigation, there 
appears to be some overlap of the reasoning observed with the current study. In particular, students in this study 
considered populations, categories, characteristics, frequency, organisation, interpretation and alignment to the 
question. Variation was discussed by teachers in relation to the students’ previous experiences and their 
expectations about sampling from a population; this was similar to the variety-based observations of Lavigne 
and Lajoie. The fact that the students in the current study were approximately 2 years younger than those of 
Lavigne and Lajoie means that some of the procedures and reasoning available were somewhat less 
sophisticated. Further research on a larger scale with the older students is needed to explore the development of 
student understanding further. 
 
The suggestion by Konold and Higgins (2003) of backtracking in genuine statistical investigations leads to the 
possibility that it may have occurred for some of the students in this study. When asked to apply their criteria 
[W1] to their class data to make a decision [W2], 19 % of students changed the criteria which they had stated 
earlier. Whether this was a purposeful or inadvertent choice is impossible to determine. In some cases, it became 
easier to make a decision because the new criteria were less stringent. As seen in the pathway highlighted in 
Table 1, students revisited the practice of statistics five times during the activity. Although the students did not 
make the decisions to return and pose the question for different populations or samples, their experience was 
similar to the backtracking that might occur in an actual investigation where populations are redefined or 
sampling techniques changed. 
 
There are also some synergies between the study reported here and research reported by Ben-Zvi, Aridor, Makar 
and Bakker (2012) in relation to the idea of ‘growing samples’. In their project, students made successive 
predictions about the population of their school based on samples of size 8 from their class, of their entire class 
(n=27), and of their entire grade (n=81). The purpose was building the understanding that larger samples are 
more stable and better represent a population (Ben-Zvi et al., 2015, p. 294). Although students in the 
environmentally friendly study used their class sample to make a decision about their school population, they 
did not collect larger samples. Instead, they moved to random sampling from a large population to obtain more 
stable data. Both approaches are useful in building appreciation of the role played by sampling in the practice of 
statistics.  
 
Curriculum, teaching and assessment 
 
This study was part of a 3-year project following students in years 4 to 6 as they were introduced to and 
experienced beginning statistical inference. Having had introductory experiences based on problem posing, the 
essential nature of variation, and modelling chance (English and Watson 2015d), this was the first activity that 
focused explicitly on the stages of the practice of statistics. Although the Australian Curriculum: Mathematics 
(ACARA 2015) does not specifically state the four stages as a package, all of the components are covered over 
the years, often with such terms as ‘investigate’ and ‘evaluate’. Similarly, the Common Core State Standards: 
Mathematics (Common Core State Standards Initiative, 2010), which does not introduce statistics and 
probability until year 6, includes the components and an emphasis on variation in that year. In New Zealand, the 
Mathematics and Statistics curriculum (Ministry of Education 2007) reinforces the practice of statistics at every 
level of the curriculum, following the PPDAC model of Wild and Pfannkuch (1999). The overall plan of this 
longitudinal project and the introduction of the practice of statistics for making inferences as the fourth major 
activity, hence fits well with overall curriculum expectations. The capability of a large proportion of the students 
to engage meaningfully with the activity is encouraging and suggests that a concerted effort should be made to 
encourage teachers to incorporate such experiences across the curriculum in contexts in the sciences, social 
sciences and technology. 
 
Potentially, the activity was a challenge for the teachers involved as the content was nothing like a regular 
mathematics lesson, where teachers set the problems and know the answers to expect from the students. In this 
situation, allowing the students to set their own criteria for being environmentally friendly introduced a high 
degree of variability in student responses. Answers of both ‘yes, friendly’ and ‘no, not friendly’ were acceptable 
provided that the chosen criteria were applied rigorously. Later in the activity, however, another order of 
variation was introduced when each pair of students collected a different random sample from the ABS 
population. The members of the class were now applying their different criteria not only to the same sample (the 
class data) but also to different samples. This complexity needs to be recognised in professional 
learning for teachers as they prepare to undertake the practice of statistics with their students. 
 
Long-term assessment of student understanding of the practice of statistics, such as by national testing 
programmes, however, will not be easy. The splitting of the practice into multiple-choice sized questions, does 
not seem feasible if the spirit of the practice is to be kept. This dilemma is also acknowledged by Meletiou-
Mavrotheris and Paparistodemou (2015), who reported on classroom interactions related to the practice of 
statistics rathe r than individual students’ responses and levels of understanding displayed. 
 
Limitations 
 
A limitation of the study in terms of the complete practice of statistics was that students could not choose the 
actual survey items themselves. This was offset to a large extent by the opportunity for students to collect 
random samples of a population of Australian year 5 students. Observing the random samples of other students 
provided appreciation of the variation involved. Using repeated random samples to make estimates of 
population values occurred as an extension of the main activity and is reported elsewhere (Watson and English 
2015).  
 
There was no formal classroom assessment of long-term retention after the activity’s completion; hence, the 
results presented here reflect the capacity of students to engage with the concepts involved in the practice of 
statistics in the chosen context during their involvement with the activity. The levels reflected in the rubrics 
point to the observed learning that was taking place in the spirit of the Biggs and Collis (1982) SOLO model  
where the first ‘O’ stands for ‘observed’. 
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Appendix A 
Workbook Questions 
 
Question 
Number 
Question Abbreviation 
W1 Record your group’s criteria for deciding if our class is 
environmentally friendly or not.  
Criteria for being 
Environmentally Friendly 
W2 Based on your criteria, do you consider our class 
environmentally friendly or not?  Make sure you explain 
why/why not.  
Decision for class 
W3 How certain are you of your conclusions?  How certain of decision for 
class? [No reason asked for]  
W4 How confident would you be about using the data from our class 
to predict how environmentally friendly all the Yr 5 students in 
our school are?  Explain. 
How confident of decision for 
all Year 5 in school? 
W5 How confident would you feel using the data from our class to 
predict how environmentally friendly all Yr 5s in Australia are?  
Explain.  
How confident for all Year 5 
in Australia? 
W6 Make a prediction about whether you think the random sample of 
Yr 5 students will be environmentally friendly or not based on 
the criteria your group recorded above.  
Prediction for a Random 
sample 
W7 Again remembering back to the criteria your group decided upon, 
based on the data collected, is this random sample of students 
environmentally friendly?  Record your conclusion and reasons 
for it below.  
Decision for Random sample 
W8 What could you infer/conclude for all Yr 5s in Australia?  Decision for all Year 5 in 
Australia based on Random 
sample 
W9 How certain are you?  Explain.  How certain of decision? 
W10 If you were to do some more research to see if you are really 
happy with your conclusion/inference, what might you do?  
What extra research? 
  
Appendix B 
Rubric for Environmentally Friendly Workbook Responses 
Question Code Description 
W1 
Criteria for being 
Environmentally Friendly 
0 No response, uninterpretable 
1 Response based on opinion rather than criteria 
2 Single criteria for all five questions, perhaps for a stated number of 
questions 
3 More complex criteria: varied for questions or giving reasons for the 
criteria 
W2 
Decision for class 
0 No Response, reasons not based on any criteria 
1 Nebulous explanation not necessarily related to their criteria 
2 Explanation relates specifically to their criteria but with added or 
different conditions 
3 Explanation/justification solely based on their criteria 
W3 
How certain of decision for 
class? [No reason asked for] 
 
0 No response or not related to uncertainty 
1 Response with any recognition of some degree of uncertainty  
2 Response including reasoning that coincides with previous arguments 
W4 
How confident of decision for 
all Year 5 in school? 
0 No response (e.g., no level of certainty), no explanation (e.g., % with 
no reason) 
1 Degree of confidence based on only sampling technique, etc. 
2 Explanation based on either similarity of students in school 
(confident) or differences across classes (not confident) 
W5 
How confident for all Year 5 in 
Australia? 
0 No response; Yes, whatever reason; No without reasoning based on 
size, variation etc. 
1 No, “not population,” difference 
2 No, reasoning based on size, sample, population 
W6 
Prediction for a Random 
sample 
0 No response; not addressing question or irrelevant reason 
1 General reason for prediction 
2 Reasoning related to the specific criteria of the group 
W7 
Decision for Random sample 
0 No response, idiosyncratic reasoning 
1 Yes or no, with (general) reasoning not connected to the criteria of 
the group 
2 Yes or no, with reasoning based on the criteria devised by the group 
W8 
Decision for all Year 5 in 
Australia based on Random 
sample 
 
0 Does not answer question; no response; inconsistent with W7 
1 Everyone is different, just a sample 
2 Implicit acknowledgement of sample/population relationship in 
drawing conclusion, consistent with W7 
3 Explicit acknowledgement of the sample/population relationship 
either (1) too small sample or 
          (2) consistent with W7 generalisation 
W9 
How certain of decision?  
0 Inconsistent or No explanation or explanation that is personalised or 
not relevant 
1 General consistency across questions 
2 Consistency or uncertainty displayed with reference to 
sample/population 
W10 
What extra research? 
0 No response, “don’t know,” Does not answer question, Do nothing 
1 Non-statistical suggestions 
2 Statistical suggestions, e.g. different sample, questions, sample size 
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